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Shonrvater Corporation's PEGylalion technology 
offers the healthcare industry solutions to common 

drug delivery problems such as poor solubility, 
stability, short pharmacokinetic half-fife and 
unwanted immunogenicity. The Company's 
customers, which include Amgen, Rothe, Photmucia, 
Celilech, DuFonl, Regeneron, Sernno, Maxygen and 
United Therapeutics, have demonstrated through 

numerous human clinica ! trio Is that the use of 
Shearwater's proprietary reagents provide a safe 
and effective solution to these common problems. 

Sliwrwaler provides two options to its customers: 

Option I ■ Choose one of the proven activated 
polyethylene glycol) (PEG) derivatives featured in 
this catalog for coupling to your therapeutic, 
diagnostic or medical device candidate; 

Dpiion 2 ■ Let Shearwater's team of world-class 
sxpc !> pli \a ci oat ^ i';itinn fnr yon 

Throuyli these options, Shearwater offers 
Ms customers u onc-slup shcpfoi PEGylatica 
including basic lescunh leading to the 
creation of proprietary, optimized PEG reagents, 

full-scale cGMP manufacturing and a full 
regulatory package including the Drug Master File. 
Currently the Company's corporate partners 
have ten PfG-products utilizing Shearwater's 
proprietary technology in I A clinical trials. 
Three of these products have completed 
trials und ore in the approval stage, and 
one has recently received regulatory 
upproval in the U.5. 




Largs seals purification of cGMP mPEG2-NHS. 




Shearwater's water system provides USP purified 
water to support manufacturing of PEG-derivalsves. 



Shearwater's Facilities 

Shearwater Corporation currently employs 
more than 90 personnel located in two facil- 
ities in HuntsviUe, Alabama. The Company's 
Research group is located in 11,000 sq. ft. at 
2305 Spring Branch Road, and is ideally set 
up to perform research into PEG chemistry 
and the PEGylation of all forms of drug sub- 
stance, including proteins, peptides and 
small molecules. In addition, the group has 
a number of other PEG-based technologies, 
such as hydrogels and unimolecular micelles, 
which aid in the delivery of difficult drugs; 
e.g. those which are insoluble in aqueous 
systems, or which have short pharmacoki- 
netic half-lives. 

The Company's current headquarters are 
located in 35,000 sq, ft. at 1112 Church 
Street, where Administration, Development 
and Manufacturing (both catalog and cGMP) are 
housed. A third 50,000 sq. ft. facility is cur- 
rently under construction at 490 Discovery 
Drive, and is due for completion in June 
2001. This facility, which will become the 
Company's new headquarters, will house 
Administration, Research and additional 
cGMP Manufacturing. 



cGMP Manufacturing ai Activated 
E 

Of particular importance ;o customers who 
intend to commence human clinical testing 
of PEG-drugs followed by commercialization, 
are the Company's i:G-MP Manufacturing 
facilities. Currently, Shearwater has three 
Statc-of-l he-art production suites, whirl) can 
manufacture any of the Company's reagents 
in batch sizes of up to 10 kg. In addition, 
the Company has one pilot production plant 
that can produce hatches of activated PEG 
derivatives of up to 20 kg. Five new cGMP 
production areas are being built at the 
Company's Discover)' Drive facility, which 
will commence cGMP production in the 
fourth quarter of 2001. Batch size capacity 
will increase to 80 kg at that time, and the 
Company's customers will have the peace of 
mind of knowing that two, physically sepa- 
rate manufacturing facilities will be produc- 
ing cGMP PEG-derivatives. 




. .. . i, i. 



cGMP Manufc; . inc ; 

At the present time, the Company's cGMP 
facilities are qualified to produce activated 
PEG derivatives. Plans are in preparation to 
commence construction at the Company's 
Discovery Drive facility of two clean room 
facilities which will be qualified to produce 
bulk .small molecule, and peptide active phar- 
maceutical ingredients (API). PEGylation of 
such APIs will also be conducted to cGMP, 
making Shearwater Corporation the only 
company to offer a complete service from 
fundamental research through to cGMP pro- 
duction of bulk final PEG-drug substance. 
This capability is projected to go online in 
the first half of 2002. 

Sec ;md-Generci'ctr; 
I- 1; I H s ; i c : n C h - ; r; " stry 
Much protein PEGylation work has been 
conducted with "first-generation" PEGylation 
chemistry characterized by: restriction to 
low MW mPEG because of high diol content 
generally observed tor high MW mPEGs; 
crosslinking and aggregation from difun'c- 
tional contaminant; hydrolytically unstable 
linkages; low selectivity and side reactions. 
Examples of first-generation mPEG deriva- 
tives are sue cinim idyl succinate (or SS), 
succinimidyl carbonate (or SC), and tresylate. 
Coupling of mPEG-SS with lysine groups on 
a protein produces stable amide linkages, but 
the backbone ester group hydrolyses readily 
to produce the protein with an attached 
immunogenic hapten. Similarly, PEGylation 
with mPEG-SC has been shown to be accom- 
panied by significant amounts of Lossen 
rearrangement that leads to loss of reagent 
and can lead to coupling of beta-alanine 10 
the protein ' 1 . Also mPEG-SC has been shown 
to attach to im i J It n of hrstrdine ' 
groups to produce a hydrolytically unstable 
H-ri li.u PEGylation with tresylate has 
been shown to be accompanied by nucle- 
ophilic attack on fluorine resulting in forma- 
tion of a degradable sulfonamide 13 '. All three 
derivatives are limited to low MW mPEGs 
because of the presence of large amounts of 
diol PEG in high MW mPEGs (resulting from 
presence of water during polymer formation). 
Also, low MW mPEGs with first-generation 
active groups arc highly unselective because 
the relatively small mPEG can penetrate into 
otherwise poorly accessible regions on the 
protein surface. 

The second-generation chemistry that 
Shearwater uses has been designed to avoid 
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the aforementioned problems. A typical exam- 
ple is the Company's mPEG2-NHS reagent. 
This compound is prepared by coupling 
mPEG to lysine to produce mPEG2-COOH, 
which can be purified by ion-exchange chro- 
matography to give a pure monofunctional 
acid. The acid can be activated by formation 
of the succinimidyl active ester. Because of 
this purification step, high purity mPEG2- 
NHS can be prepared with MW to 60,000. 
The highly crowded reactive group leads to 
greatly improved selecdvity, as only the most 
accessible groups on the protein surface are 
available. Reaction with lysines produces a 
stable amide linkage. Similarly, mPEG2-MAL 
is selective for thiol groups, and mPEG2-ALD 
is selective for the N-terminus under opti- 
mized attachment conditions. Other examples 
are described in the following pages. 

Isnz -ri;on PEGylation 
Attachment of Shearwater's activated PEG 
derivatives to pharmaceutical products 
typically yields the following benefits: 

• Improved solubility and stability 

• Reduced immunogenicily and proteolysis 

• Reduced clearance from the body 

• Renal filtration slowed by increased 

• Carbohydrate and peptide receptor 
clearance mechanisms '"fooled" by PEG'S 
"cloaking" ability 

« Less frequent dosing required due to 
great;)' increased circulation time 

• Optimized biodistribution in some cases 

• I I i tn 1 1 Leo u til i:-l 
to reach the target 

• Improved efficacy due to increased concen- 
tration and longer dwell time at site of action 

CtL-.e Wisher! e: 

Clinical Petfonnance of Sheanvater's 
Second-Generation PEGylation 
The PEGylation of interferon-alfa in collabo- 
ration with Hoffmann-La Roche illustrates 
the power of Shearwater's second generation 
PEGylation technology. Interferon-alfa ("I FN") 
has been the prime drug for treatment of 
hepatitis C for several years. Unfortunately, 
1FN has poor efficacy, with only a small per- 
centage of patients showing sustained viral 
elimination after cessation of treatment 
The primary problem with the drug is that the 
blood circulation half-life is only a few hours. 



Thus, for the standard program of three 
injections per week, the hepatitis C virus 
has extended periods of time when it is not 
exposed to IFN. 

Roche first PHGylated its proprietary IFN 
(Roferon, interferon-alfa- 2a) with mPEG 
5000 (using an active carbonate to produce 
a methane-linked PEG, a first-generation 
PEGylation technique) and conducted clinical 
trials on the conjugate 1 " 1 However, the clin- 
ical trials were not successful and the product 
was never marketed. The reason for failure 
of the 5000 Da conjugate was that the blood 
circulation half- life for the conjugate was 
only slightly improved relative to that of the 
native protein. 

The next step in the Roche development 
program was to collaborate with Shearwater to 
examine various i i jei Hon PEGylation 
chemistries. Suffice it to say that the "winner" 
in lite Investigation was IFN coupled to Shear- 
water's mPEG2-NHS 40,000. Since the protein 
has a MW of about 19,000, the mPEG-IEN 
conjugate is a much larger molecule. Animal 
studies and modeling indicated that this 
conjugate (given the trade name PEGASYS®) 
would have the desired pharmacokinetics 
and activity. In particular, it was predicted 
that the steady state blood concentration 
would be essentially constant. In fact, the 
modeling data were confirmed by human 
clinical trials resulting in essentially constant 
blood concentrations being achieved by once- 
weekly subcutaneous injections' 31 . PEGylation 
with mPEG2-NHS 40,000 decreases clear- 
ance relative to native IFN and gives an elimi- 
nation half-life of 77 hours instead of 9 hours. 
In addition, PEGASYS exhibits a low volume 
of distribution and sustained absorption from 
the subcutaneous injection site. 

A Phase II human clinical trial with 155 
patients where PEGASYS was injected sub- 
cutaneously once a week, showed that 62% 
of patients were free of virus after 48 weeks 
of treatment, and 36% of patients exhibited 
a sustained viral clearance 24 weeks later". 
The optimal dose was ISO mcg/wk. In com- 
parison, native IFN injected three times per 
week (standard therapy) gave only a 3% 
sustained response. A recently completed 
Phase 111 study with 531 patients-- supported 
the Phase II study and showed a sustained 
response rate of 39% for PEGASYS 1 ' 51 . An 
important point, which has been misinter- 
preted by some, is that the native IFN control 
group in this study gave an unusually high 
response rate of 19%. However, this control 
group, unlike those in all other trials, received 



a non-standard, high-dose induction regimen 
of native IFN for the first 12 weeks of treat- 
ment, resulting in approximately twice the 
typical response rale. A second Phase III study 
with 271 cirrhotic patient* .showed 43% of the 
patients receiving PEGASYS had viral clear- 
ance at the end of -18 weeks treatment 1 ' . 

The dramatically improved clinical efficacy 
of PEGASYS over the native IFN led Roche 
io file for market clearance with the FDA on 
May 23, 2000. 

The Value of Collaborating With 
Shearwater's Research Group 
As the leader in PEG reagent development 
and cGMP manufacturing, a natural evolution 
of the Company's skills has been the mastery 
of applications of PEG technology to drug 
delivery and medical devices. Early in Shear- 
water's development, PEGylation was per- 
formed by many of the Company's partners in 
the pharmaceutical and biotechnology indus- 
tries. In 1997, Shearwater formed a dedicated 
Research Group and began working closely 
with partners in the pharmaceutical industry 
to develop and optimize PEG technologies 
for use with their drugs or devices. This has 
proven to be a cost effective and highly 
successful strategy for the Company's part- 
ners. Four of Shearwater's partners in this 
effort are now either in the clinic or will be 
starting trials shortly, and a number of pro- 
jects are now in the preclinical pipeline. These 
projects cover the range of PEG strategies 
for small drug molecules, peptides, proteins 
and hydrogels both for medical devices and 
drug delivery. 

A recent example is the Company's part- 
nership with United Therapeutics, which 
resulted in new intellectual property on a 
PEG-prostacyclin analog. A second example 
is the Company's collaboration with Serono 
on the PEGylation of interferon-beta. Serono's 
preferred strategy was to use Shearwater's 
second-generation, site-specific PEGylation 
technology. Interferon-beta has a single free 
-SH group which can be PEGylated with 
a variety of Shearwater's ihiol-sprcifir acti- 
vated PEG derivatives. Unforiunatfty. the 
standard chemistries featured in this catalog 
proved unsuccessful due to the fact that the 
thiol group is partially sterically hindered. 
Shearwater's Research Group solved the 
problem by first PEGylating the molecule 
with a low-MW, ihiol-specific. bifunctional 
PEG, specially synthesized for the purpose. 
Once this had been attached, it became pos- 
sible to attach a high MW mPEG-THIOL to 



the remaining functional group on the low- 
MW PEG. This novel two-step process has 
now been patented. 

Utilising Shearwater's Research Group brings 
a broad range of clinically- tested solutions to 
bear on a variety of drug delivery problems: 

Shearwater's Protein Technologies 

* site-specific PEGylation 

* N-terminal PEGylation 

* non-terminal amine PEGylation 

* controlled release 

* heterobifunctional PEG for targeting 

Shearwater's Small Molecule Technologies 

* functional group specificity 

* multifunctional PEG for higher loading 

* controlled release 

* heterobifunctional PEG for targeting 

Shearwater's Hydrogel Technologies 

* biocompatible 

* degradable gels with degradable links to 
drugs for controlled release 

* can link to a variety of functional groups 
in proteins and small molecules 

Shearwater has the most complete and versa- 
tile range of PEG technologies in the industry 
coupled with world-class expertise in the 
application of these technologies. 

Let us apply our delivery technologies to 
your problem molecule or device and help 
you move it swiftly and economically from 
the lab to the clinic. 

" rem Syii -=? ; s 

iter's 1 ii niaii team 

of highly skilled scientists who specialize in 
the synthesis of activated PEG derivatives, 
if you do not see what you are looking for in 
the catalog, please call our Sales team, and 
we will be happy n> discuss ways in which 
we can help you. 

Radio-Labeled PEG and 
PEG Derivatives 

Shearwater Corporation and Perkin Elmer 
(NEN Life Science Products) have a collabo 
rative agreement to provide Shearwater 
customers with radio-labeled PEG and PEG 
derivatives. NEN's years of experience with 
radiochemistry coupled with Shearwater's 
expertise in synthesis and analysis of PEG 
derivatives gives Shearwater customers an 
excellent source of radio-labeled materials. 

Piease call our Sales team/or pricing and availability, j — 

Shearwater Corporation ■ www.shearwotercorp.i 
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hi" 3 On Purity 
Shearwater's PEG reagents are purer than 
those obtainable from any other source, which 
is fitting since these reagents are intended 
for synthesis of pharmaceuticals and related 
biomedical products. The Company expends 
much effort purifying and characterizing PEG 
derivatives. One of I lie challenges of polymer 
derivatization is that polymeric by-products 
are difficult to remove because of the similar 
sizes and solubility of products and by-pro- 
ducts. Shearwater's reagents are purified by 
precipitation/recrysta 1 1 iza : ion and by chro- 
matography where effective (see below). 

For applications of monofunctional PEGs, 
small amounts of polymeric impurities are 
generally not of concern if the impurities are 
chemically inert and can be removed in subse- 
quent steps. This statement does not hold 
when a difunctional derivative is used as a 
crosslinker since an inert end group leads to 
monosubs dinted product that can be difficult 

At Shearwater, reagent purity is deter- 
mined by using one or more of the following 
methods: NMR, GPC, HPLC.TLC, FT1R, 
titration and ion-exchange chromatography. 
The results of these determinations are 
delivered with each reagent. 

Most reagents are approximately 95% pure 
in terms of degree of end-group conversion. 
The prime impurity found in the Company's 
reagents is unmodified PEG. Small mole- 
cule contaminants are virtually nonexistent 
as determined by the above methods and by 
GC analysis. 

; ; . Con-I^br::: l-oj Active PEGs 
Derivatives such as the succinimidyl active 
esters (e.g., mPEG-SPA and mPEG2-NHS) are 
reactive with moisture. It is therefore essential 
to minimize exposure to moisture, and to 
keep the materials cold so that hydrolysis is 
retarded. Typical storage conditions are in an 
argon atmosphere ai -20°C. Shipment ai room 
temperature with no loss ol activity is possible 
following thorough drying ami storage under 
argon. Bottles containing reagent should be 
equilibrated at room temperature prior to 
opening lo minimize condensation of mois- 
ture. Bottles can be opened in room air, but 
prior to closure and freezing, should be filled 
with dry inert gas (e.g. place the loosely capped 
bottle in a desiccator, pump down, and refill 
with argon). Repeated improper opening and 
closing will lead to significant loss of activity, 
and it is strongly recommended that samples 



be subdivided into small containers that are 
opened only once. 

mPEG-ALD is readily oxidized by atmos- 
pheric oxygen to produce the corresponding 
carboxylic acid, and mPEG-THIOL reacts with 
oxygen to produce the disulfide (which can 
be reduced with DTT or borohydride). Storage 
under nitrogen is critical for these reagents. 

All PEGs react slowly with oxygen to form 
peroxides along the backbone in a process 
that is facilitated by light and heavy metal 
ions. These peroxides can lead to chain cleav- 
age. Therefore it is advisable to store all PEGs 
under nitrogen or argon, in the dark and as 
cold as possible, if the materials are to be 
stared for extended periods. 



Shearwater's Activated PEG Reagents 

PEG Architecture- Available Bcckbor.es 
Polyethylene glycols are commonly available 
in two forms, difunctional PEGs and 
monofunctional methoxy-PEG (mPEG): 

HO.{CH 2 CH 2 0) n -CH 2 CH 2 -OH (PEG) 
CH 3 0-[CH 2 CH 2 0) n -CH 2 CH 2 -OH (mPEG| 

Activated derivatives of these linear PEGs are 
available in o variety of molecular weights, ond 
details can be found in ihe following pages. 

In addition to these linear PEGs, several 
different branched PEGs are available. These 
include monofunctional mPEG2 reagents 
(1 and 2), tetrafunctional 4<irm PEG |3), 
oclafunclional 8-arm PEG (3), and difunclionol 
forked mPEGs (4 and 5). 



mPEG — O— C — NH 
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IMOF Corporation 



HO-(CH 2 CH 2 0) n CH 2 CH 2 -OH 



CH 3 0-(CH 2 CH 2 0) r ,CH 2 CH 2 ^OH 

low-dio! mP'EG 



supply of high quality, phar- 
maceutical grade PEGs manufactured by 
NOF Corporation of Japan. These PEGs are 
carefully prepai d purifi 1 and characterized 
and are weli suited for preparing pharmaceu- 
ticals and biomedical products. The mPEGs 
contain only small amounts of diol, which is 
virtually undetectable in molecular weights 
below 1 0,000 Da and ap) ocimatelj l £ in 
molecular weight 20,000 Da. Higher mole- 
cular weights are also available. Polydispersi- 
ties (MW/Mn) range from approximately 1.01 
for mPEG 5,000 to 1 .02 for mPEG 20,000. 
The PEG diol 20,000 from NOF is offered 
because it is difficult to obtain pharmaceutical 
grade PEG in these high molecular weights. 
MW/Mn is less than 1.20 for these high MW 
polymers. We do not stock low molecular 
weight PEG diols since these are available 
from a variety of sources. 

Quantity Price (SI 



"G diol of MW 20K ... 



2MO0OBO1 Monomclhyl ether 
MW1.000 

2M00ODQ1 



2M0G0E01 
2M00QHO' 



2MO0OMO1 
2M000P01 



Monometliyl ether of PEG (mPEG) 

MW 2,000 1 

Monomethyl ether of PEG (mPEG) 



inomelliyfelUerof PEG (mPEG) 



OH OH OH 
PEG PEG PEG 



°NPE 



Shearwater provides multi-arm, branched 
PEGs prepared by ethoxylation of various 
polyols (derived from glycerol condensation) 
having 4 to 8 arms. 

Hem Ho. Description Quantity Price IS) 



OJOO0OD08 MrmPE5.rAV2.0-K... 



1kg 4,500.00 

OJOO0OL03 3-arm PEG, MW 10.000 500g 1,500.00 



OJOO0L04 4- 
CJOnrjl ns 8- 



....500g ... 



-i.330.0C 



1kg .. ..SOOO.OC 

..500g 1 ,500.00 

1kg 3,000.00 

0JOOOONO3 3-arm PEG. MW 15,000 500g 1,500.00 

1kg 3,000.00 

0J0000N04 4-arm PEG, MW 1 5,000 500g 1 ,500.00 

1kg 3,000.00 

OJOOOON08 8-arm PEG, MW 15,000 500g 1,500.00 

1kg 3,000.00 

....500g 1,500.00 



OJOOOOP03 3-arm PEG, MW 20,000 



1kg .3,000.00 

0JO00OPO4 4-arm PEG, MW 20,000...._ 500g 1,500.00 

1kg 3,000.00 

OJO000P08 8-arm PEG, MW 20,000 500a. 1 ,500.00 

1kg 3,000.00 



OJOOOOTOS 8-arm PEG, MW 40,000... 



....5"Cn ... 



mPEG-AHINE 

mPEG-0-CH 2 CH 3 -NH 2 

Polyethylene glycols with primary amino 
{•roups J J at the lei mini are very useful func- 
tionalized poly:ueis. The amino end groups 
on inPEG-AMlNH are mote reactive towards 
acylanng agents than the hydroxyl groups 
that are present on conventional PUGs 
arid they also readily undergo ie.d active, ami- 
nation reactions . This reactivity offers a 
variety of methods for attachment of other 
molecules to the polymer via an array of 
stable linkages (e.g. amide, methane, urea, 
secondary amine). Amine purity is approxi- 
mately yQ%. Chromatographically pure 
material is approximately 98% pure. These 
reagents can be used for: 

a. preparation of conjugates with 
biologically active compounds !!3 ' 4 ' 

b. carrier for peptide synthesis 

c. preparation of PEG-coated surfaces 
and polymer grafts 1141 

d. preparation of PEG-glycoprotein 
conjugates 

e. preparation of PEG-ligand conjugates 
for affinity partitioning ' le| 

f. preparation of PEG-cofactor adducts 
for bioreaetors 11 

Item No. Description Quantity Price |S) 

2M2VDH01 mPEG-AMINE. MW 5.0DC- 1g 21.00 
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Derivatives of PEG hearing electrophOc 
groups reactive towards amines (such as 
lysines) and other nuclcophiies are often 
referred to as activated PEGs. These PEGs 
are extensively used for attachment of PEG 
Ki proteins, liposomes, soluble and insoluble 
polymers, and a variety of molecules of 
biological relevance (commonly described as 
"PEGylation").The monofunctional polymers 
are capped on one end by a methoxy group 
(mPEG) arid are of particular importance 
because their reactions give products free of 
cross-linking (note that most of our mPEGs 
have virtually undetectable diol content). 
These reactions generally result in attach- 
ment of multiple strands of the polymer to 
the target molecule. 

We offer a variety of quality, activated PEGs 
and mPEGs, including several NHS active 
esters, active carbonates and aldehyde. Our 
mPEG2 reagent is a high MW, monofunc- 
tional compound with the additional property 
of being slerically bulky, thus providing an 
effective "polymer cloud" around (he modified 
molecule from a single point of attachment. 

Choice of the appropriate reagent for a 
specific application is best made by consider- 
ing a variety of properties such as: hydrolytic 
stability of the reagent; reactivity of the 
reagent; stability, toxicity and suitability for 
analysis. Details on these points are given in 
specific comments for each reagent. A brief 
comparison of coupling conditions and reac- 
tivity as well as a table of hydrolysis rates of 
NHS esters is given on page 12. 
Activated PtG Page No. 

Staminije c' PfG Propionic Acid tnPEG-SPAf 5 

Sixcimmide c' PEG BuUncate Acid (nPl'G-SHA: 6 

r:Pi;i? kK\1n>Y:i LOI nice ;ilplS>' tlri: V 

ir.p-S tlixalu v;lai avP: a-Ct.'-HBA t.rrSt 

ir'rz:, -,:r /.Mr j.sil? uiiviiialo ;mK(, 

:n s es- e fc»> .ilc'fl'yne niPEG-A.Dj 

mPEG-Acctaluehyde Dwlhyl Aceial imPF.K-AC: I ) 

•nPI K?-A.r;ev1e imPEG2-AtDj 



mPEG-Succinimidyl Propionate and 
mPEG-Succinimidyl Butanoate 



:g-o-ch 2 ch 2 -c-o- 

mPEG-SPA 



uiPEG-O-CH^CHjCHj-C-O- 

mPEG-SBA 



O 

S 

o 
A 

O 



The NHS esters of PEG carboxylic acids are 
the most popular derivatives for coupling 
PEG to proteins. Reaction between lysine 
and terminal amines and the active esters 
produces a stable amide linkage. PEG succin- 
imidyl succinate (mPEG-SS) is one of the 
oldest and most used PEG derivatives, but 
it possesses an ester linkage in us backbone 
and thus has the property of undergoing 
hydrolysis in vivo. mPEG-SPA and mPEG- 
SBA do not have an ester linkage in the back- 
bone, they generate stable linkages therefore, 
and they have nearly ideal reactivity for pro- 
tein modification (SPA is slightly more reac- 
tive than SBA). mPEG-SPA has been used 
in several human applications: mPEG-SPA 
5,000 has been used for attachment to a 
protein antagonist, which has successfully 
completed clinical trials and an NDA has 
been filed (the mPEG-SPA 5,000 process is 
validated and suitable for commercial use). 
mPEG-SBA 30,000 is currently being used 
in Phase l clinical trials as an adduci to a 
powerful protein as a second generation pro- 
duct. Results from this Phase 1 study look 
very promising. mPEG-SPA and mPEG-SBA 
are approximately 95% pure. 

See refetences #20. 21 



TtMMWSI uPbG-SPA, MW 2,000 500 mg 100.00 

1 0 200.00 

5g 800.00 

2M4M0HG1 * mPEG-SPA. MW 5.000 500 mg .90.00 

1 g 180.00 

5g 720.00 

2M4M0P01 mPEG-SPA, MW 20.000 500 mg 1 1 0.00 

1 0 220-00 

5g 860.00 

4M4M0F02 SPA-PEG-SPA, MW 3,400 500 trig 90.00 

1 g 180.00 

5g 720.00 

2M450H01 mPEG-SBA, NiW 5,000 1 g 1 90.00 
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We have attached mPEG to lysine to obtain a 
branched acid, mPEG2-COOH. Activation 
with N-hydroxysuccinimide gives the active 
ester ml : HG2-Nl!S . mPEG2-NHS has sev- 
eral advantages. First, the compound is purely 
monofunctional because the intermediate acid 
is purified by ion exchange chromatography. 
Second, the branched structure of the com- 
pound results in a relatively large molecular 
volume, so that the advantages of PEG attach- 
ment can be obtained without as many points 
of attachment. Also, our experience has shown 
that the mPEG2 reagent is less likely to pene- 
trate into sterically crowded regions of a pro- 
tein. Although the hydrolysis rate and rate 
of reaction with small amines is faster than 
most NHS esters frabk pg. 1 21 the rates of reac- 
tion with proteins are slower, presumably 
because of the large steric effects involved; 
slightly increased reaction times are necessary. 
This mPEG2 is also available as the aldehyde 
fpg 7: and the maleimide fPg.n). The mPEG2- 
NI-IS 40,000 reagent is being used in several 
clinical trials for attachment to several pro- 
teins, such as Hoffmann-La Roche's PEGASYS 
(PEGylated-interieron alfa). The PEGASYS 
product completed clinical trials and has 
been filed with the FDA. The mPEG2-NHS 
40,000 reagent is a validated commercial 
quality PEG derivative. 



2Z3X0t01 mPEG2-NHS est 



150.00 

320.00 

1230.00 

160.00 

320.00 

1280.00 

160.00 

320.00 



4545GF02 SBA-PEG-SEJA, MW 3,400 1 g 230.Q0 

5g 920.00 



mPEG-Double Esters 

mPEG-O-CHj-C-O-CH-CHr 

mPL'G-CM-HBA-NHS CH3 

There are two ester linkages in this type of PEG derivative. The I 
ester of mPEG-CM-HBA-Xl IS is the most active ester, and reac 
proteins or other amine-containing molecules under mild con 
(between CM and HBA) provides the conjugate drgradabilily 
The derivative has been used in coupling to an enzyme and i 



■oxysuccmimidyl(orNHS) 
tcts with amino groups on 
s. The second ester 
Irolysis in aqueous media, 
ling PEG hydrogels 001 . 



m pEG-0-CH 2 -COO-CH(CH 3 |-CH 2 -COO-NHS + R-NH 2 *~ 

mPEG-0-CHj-COO-CH!CH;,)-CH 2 -CO-NH-R 



wmmrt WHS-HBA-nwctG-cM-HBA-NHS. utt 3.400 .... 

OWPMCS O- nPEG-CM-HBA-NHS, MW 5,000 



mPEG-ESenzotriazole Carbonate 



Q-O-C- 



The benzotriazole carbonate derivative of 
mPEG (mPEG-BTC) has been added to the 
Shearwater reagent list as an exceptional 
alternative to the succinimidyl carbonate 
(mPEG-SC). While not as reactive as some 
of the NHS active esters it's u), mPEG-BTC is 
an efficient modifier of peptide and protein 
amino groups, producing a stable urethane 
(carbamate) linkage. mPEG-BTC is sufficient- 
ly reactive to produce extensively modified 
PEG-proteins under mild conditions within 
short periods of time. The mPEG-BTC is an 
intermediate for several GMP syntheses and 
is expected to begin GMP synthesis as a final 
product in 2001. 5,000 and 20,000 Da have 
been the most commoniy used molecular 
weights. Purity is >95%. s» >«W>» *w 
Item No. Description Quantity Price (S) 

0M2M0H01 rnP£G-BTC, MW 5,000 1 g 105.00 

5 9 420.00 

0M2M0P01 mPEG-BTC, MW 20,000 1 Q 1 20.00 

5 n 480.00 

0M0MQF02 BTC- PEG-BTC, MW 3,400 1 g .,1 05.00 

5 fj 420.00 



m PE G-Propion aldehyde 

mPEG-ALD o 
II 

mPEG-0-CH 2 CH 2 -C-H 

PEGs bearing aldehyde groups undergo 
reductive amination reactions with primary 
amines in the presence of sodium cyanoboro- 
hydride. Unlike other electrophilically acti- 
vated groups, the aldehyde reacts only with 
amines. Although aldehyde is much less reac- 
tive than the NHS esters, this reaction takes 
place under mild conditions (pH 6-9.5, 6-24 
hours) and has been shown to be useful for 
attaching PEG to surfaces'"" and proteins' . 
At lower pH, selective reaction at the N-ter- 
minus becomes possible. The stability of the 
attachment (a secondary amine is formed 
upon reduction) is important Tor such applica- 
tions as preparation of affinity supports 
and immobilized enzymes. Proteins modified 
in this fashion retain amine groups and asso- 
ciated charge in solution, which can be impor- 
tant for maintaining protein conformation 
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proteins and two of these, 20 and 30 kDa, are 
being used in Phase III and Phase II clinical 
trials with two different proteins. Like the 
manufacture of other Shearwater reagents, 
these can be produced cost effectively. Purity 
is appro* n i ttl c <>', 

mPEG-CHO+RNH 2 +NaCNBH 3 *■ mPEG-CH ; -NHR 



Item No. Descriptor 



Quantity Price ($) 



K2M3H01 rr=E3ALD. MW6.0C0 

OS2VOP0:' rr?E3A : .D, WW "O.COO ... 
052WORO- x.-Eii-AtD.MWSO.rjra 



mPEG-Acetaldehyde Diethyl Acetal and 
mPEG2-Aldehyde 

mPEG-ACET 
mPEG-OCH2-CH[OCH,CH 3 ) 2 



II 



o 

™CH 2 -CH 



mPEG-ALD has the advantage over mPEG- 
acetaldehyde of being stable toward aldol con- 
densation. Nonetheless, mPEG-ACET can 
be stored as the diethyl acetal and hydro lyzed 
in situ to produce the active aldehyde and 
hydrate p5,; ' 6i . High yields of conjugate with 
proteins can be obtained via reductive amina- 
tion. Similarly mPEG2-ALD is also a useful 
compound ! " 7 l In this case, loss of aldehyde 
via aldol condensation is retarded by steric 
hindrance. High quality mPEG2-ALD is avail- 
able in molecular weights up to 60,000 as a 



Quantity Price ($) 



analysis. mPEG-ALD has also been used 
to form acetal linkages with hydroxyl groups 
of polyvinyl alcohol ! " ,: . The propionaldehyde 
reagent offered here has the advantage of 
being much more stable in basic media than 
the acetaldehyde reagent 3 ' :m . mPEG-ALD 
is very popular for N-terminal PEGylation of 



042M0H02 mPEG-ACET, MW 5,00 



053XOT01 mPEG2-ALD, MW 40.00 
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GROUP THKE •• S 1 ,. ' -■HYOS'i i-a^LC »TSV'E PEGs 
mPEG-Forked Maleimide and 
mPEG2-Forked Maleimide 



CH 2 CONH(CH 2 CH 2 0) 2 — CH 2 CH 2 N 



6 



mPEG— CONHCH 



CH 2 CONH(CH 2 CH 2 0] 2 ~-CH 2 CH 2 N 



mPEG-Maleimide and mPEG2-Maleimide 



CH 2 CONH{CH 2 CH 2 0| 2 -CH 2 CH 2 N 

Y 



rnPEGKMALj, 



CH 2 CH 2 CH 2 CH 2 CHCQNHCH 
mPEG-O-C-NH | 

CH 2 CONH(CH 2 CH 2 0) 2 - CH 2 CH 2 



Most PEGylation has been performed with linear PEGs. However, PEG: 
can be constructed with many different architectures. Additional struc- 
tures, which are now available, are the "forked" PEGs shown above'* 8 '. 
These structures have the advantage of placing two reactive groups at 
a precise distance apart. The above PEGs have become very popular for 
mimicking the heavy chain domain in an antibody and other applica- 
tions where two proteins (alike or different) in proximity are advanta- 
geous. Shearwater has one partner with a forked mPEG2 in Phase II 
clinical trials. We have synthesized many variants of mPEG2, with a 
range of molecular weights and reactive groups. 



/sua 

_ 350.00 

175.00 

-..350.00 



mPEG!V!AL)2, f/W 5.000. 
nPEG;\1AL)2. fAV 20.000 
mPEG2(MAL)2, MW 40,00 



mPEG — O — C — NH 

(CHJ* mPEG2-MAL 

? CH fl 

mPEG-O — C— NH X \l — NH — CH 2 CH Z — NH — C — CH2CH2 — N 



Coupling of maleimide and thiol groups is one of the most useful reac- 
tions for bioconjugate preparation. This reaction is highly specific' and 
takes place under mild conditions in the presence of other functional 
groups. mPEG-YAL has been used as a reactive polymer for preparing 
well defined, bioaclive PEG-pioiein conjugates' 3 " 4 ". ml'EG MAL has 
also been used as a polymeric reagent for selective entrapment of thiol- 
containing peptides'" 0 '. Unlike PEG vinylsulfone, maleimide reacts slowly 
with water by addition across the double bond. Also, slow cleavage of 
one of the amide linkages of the conjugate may occur"-': Two versions 
of our sulfhydryl-selcclivc chemistry, mPEG-MAI. 3,000 and mPEG2- 
MAL 40,000, are in Phase U clinical trials. Purity is approximately 80%. 



2D2M0H01 mPEG-MAL MW 5.000 

2D2MOP01 mPEG-MAL, MW 20,000 

2D2D0F02 MAL-PEG-MAt. MW 3.400 ... 

2D3X0T01 ' ml'tGZ-MAL MW 40.000 



GROUP FOU8- 
HETEROFUNCTIONAL PE is 
Amines and Acids 

O 

HCi-HjN-PEG-CHjCHj-C-OH 

NH2-PEG-COOH 

Heterofunctional derivatives of PEG have the 
general structure X-PEG-Y and are extremely 
II ,. In' as macromo'ecular -ihtikitij; agents 
or us spacers between :\vo uifk'n-m enlilies ' 
In addition to the two independent functional 
groups, the presence of PEG provides water 
solubility, biocompatibility, flexibility and a 
great degree of freedom for each of the linked 
components of X and Y. Examples reported 
in the literature include: synthesis of enzymati- 
cally active cofaclor-apoenzyme conjugates 14 ' 1 , 
preparation of graft polymeric supports for 
solid-phase peptide synthesis 1 ' 51 , targetable 
polymeric drugs 1 " 1 and PEG-grafts on sur- 
faces and proteins 1 ' 1 ". 

We offer heterofunctional PEGs with an 
NHS ester on one end and vinylsulfone or 
maleimide on the other, t-Boc-protected 
amines, the active PEGs with biotin at one 
terminus (following psgo.) and co-amino-a- 
carbcwyl PEG above (approximately 95% 
purity). These end groups can be converted 
to other functional groups, depending upon 
the user's requirements. 



Description 



Quantity Price (?) 



0Z2V0FQ2 td-N'K-PrR-COSIH 



1 275.00 

1 550.00 

l ........2200.00 



FMOC and t-Boe-Prorected Amines 

l-Boc-NH-PEG-C0 2 NHS 

t-Boc-PEG-N'HS 

FMOC - NH — PEG — CHjCHj — COjNHS 

EMOC-PEG-NHS 

The above heterofunctional PEGs offer many 
possibilities for tethering, crosslinking and 
conjugation. Typically the NHS ester is first 
coupled in water. Deprotection and coupling 
of the amine is then performed. The t-Boc 
protecting group can be easily removed by 
treatment with trifluoroatetic acid (TEA). 
FMOC-PEG-NHS is provided for our cus- 



tomers who prefer FMOC protection. Our 
materials are approximately 90% pure as 
shown by TLC, GPC, NMR and ion exchange 
chromatography. Molecular weight is 3,400 
for both derivatives. Other molecular weights 



.. .213.00 
420.00 

... -.c-soc? 




■NH-0(PEG|OCH : CH 2 CO- 
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Fluorescein-PEG-NHS has a fluorescein 
moiety at one end of a PEG chain and an 
NHS ester at the other. This heterofunctional 
derivative can be coupled to proteins and 
other amine-containing molecules, and 
provides an excellent means of monitoring 
attachment. Thus, this reagent can serve 
as a compliment to fluorescamine or TNBS. 
An advantage of fluorescein-PEG-NHS is that 
it has the same reactivity as the commonly 
used mPEG-SPA. 



1K2Z0H02 Fluorescein-PEG-NHS 

MW 5,000 500 rag 210.00 

1g 420.00 

5g 1680.00 



NHS-Vinylsuifone and NHS-Maleimide 



Q-o-J-w-nQ 
( M 



G-S — CH = CHj 



HS-P 



NHS-PEG-MAL and NHS-PEG-VS are espe- 
cially useful heterofunctional PEGs. The vinyl- 
sulfone and ma 1 1 i J n e i- , ire selective 
for reaction with sulfliydryl groups around 
pH7. Reaction with amino groups proceeds 
at higher pH, but is still relatively slow, Also, 
the vinylsulfone group is hydro lytically stable, 
while maleimide shows some reactivity with 
water. Maleimide is more reactive than vinyl- 
sulfone and sometimes works when vinylsul- 
fone will not. The NHS ester group is highly 
reactive toward amino groups, but is hydrolyti- 
cally unstable. Thus the NHS-PEG-VS and 
NHS-PEG-MAL can be used as crosslinkers 
by first coupling an amino group to the NHS 
ester, followed by coupling a sulfliydryl 
group. The advantage of NHS-PEG-VS is that 
the hydrolytic stability of vinylsulfone makes 
possible a leisurely approach to the second 
step. Approximate purity of each end group 



CH 2 =CH.S0 2 .PEG-C0 2 NHS + R r NH 2 ~ 



-CH 2 =CH-SO r PEG.CO-NHR, - 



» R 2 -S-CH 2 CH 2 -S0 2 -PEG-CO-NH-R, 



2D2Z0F02 NHS-PEG-MAt 



Shearwater Corporation ■ www.shearwatercorp.com 9 



"*' ! 'CH 3 CHjCH 2 CH2 - C - N - PEG -OCH 3 CH 3 - 



Conjugation of moieties utilizing the high binding strength and speci- 
ficity of biotin-avklin association is well known. PEG offers advan- 
tages as a tether in this application since PEG is nontoxic and highly 
water soluble. Attachment of PEG can result in aqueous solubility for 
molecules that are normally not water soluble. PEG can also provide 
reduction in immunogenics ty. Since avidin is multivalent, several PEGs 
can be tethered in this way. The heterofunctional biotin PEGs provide 
a ready approach for attaching PEG-biotin to an animated molecule 
or surface (for biotin-PEG-NHS). The resulting conjugates can then 
be coupled to avidin containing molecules tit surfaces. Approximate 
purity of each end group is >80%. 



biolin-PEG-COj-NHS + R-NH 2 bialin-PEG-R 

+ R ™" > '\ , > . R.pEG-biotin:avidin-R' 



GROUP SIX -VINYL DERIVATIVES 

CH 2 =CHCO z — PEG-CO2— NHS 

ACRL-PEG-NHS 

Acrylates offer the possibility of vinyl polymerization or co-polymer- 
ization to produce graft polymers or cross-linked materials with 
excellent properties for biomatcrial applications. -Such materials 
arc resistant to protein and cell adhesion and upon breakdown yield 
nontoxic degradation products' 1 " 5i| . The ACRL-PEG-NHS ester offers 
a route for inclusion of enzymes in acrylic polymers' 53 . Purity is 
approximately >85%. The reagent contains less that 200 ppm of 
4-methoxyphenol as an inhibitor. The acrylate material is light sensi- 
tive and will cross-link with exposure to UV light. 



rfcLOifp siiVEiJ - ?F.G-p-:^i-'[-:oi.t:-x-3 



RC0 2 — CH 2 — CH[OjCR) — CH 2 — OP0 3 CH;CH 2 NH - C0 2 — mPEG 

mPEG-DSPE 
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ry of drugs. A problem with this application 
is that liposomes, especially larger ones, are quickly cleared from ihe 
body. Recent research has shown that incorporation of PEG into the 
outer coating oflip som scan tl 1 plasma lif linn thus 
solving a critical prublei 1 I ing application ol this promising drug 
delivery technique '" 5 . PEGylated liposomes are made by two general 
methods, one in which PEG-phospholipid is used to form a liposome 
;i , and a second in which liposomes with attached amino groups 
are reacted with suitably activated PEG °*l We maintain a supply of 
distearoylphosphatidylethanolamine modified with mPEG 5000 or 
2000 (abbreviated DSPE-5000 and DSPE-2000). Purity is approxi- 
mately 98% + by NMR and HPLC. 

Shearwater has developed methods for synthesizing highly pure 
homo and heterobifunctional PEG phospholipids. Shearwater now 
provides these reagents in research and cGMP quantities. Among 
the different phospholipid types are the lauryl, myristoyl, palmitoyl, 
slearoyl, oleoyl and linoleoyl analogs of l,2-diacyl-sn-glycero-3- 
phosphatidyi ethanolamine. We can supply these as mPEG-phospho- 
lipids or as activated heterobifunctional X-PEG-phospholipids where. 
X = maleimide or N-hydroxysuccinimidyl carbonate. If you have a 
specific request, please contact our Sales team. See references #sa - 59 

Quantity Price (SI 



172M0D0" rr.PrG-nKPf,-MW2,;i00.. 



172M0H01 mPEG-DSPE.MW 5,000... 



172D0F02 DSPE-PEG-MAL, MW 3,400 .... 



172ZOF02 DSPE-PEG-NHS. MW 3,400 



3.S2.I00 
440.03 



:i-220 : 02 ACF..-Pt3-NI:S. MW 3.100 250 mij 120.00 

500 mg 240.00 

1 g .384.00 
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At least eight emerging technologies require 
active PEGs. A full technical description of 
these technologies is beyond the scope of 
this catalog, and the reader is referred to the 
following volumes for more extensive discus- 
sion and leading references: "Polyethylene 
Glycol) Chemistry: Biotechnical and Biomed- 
ical Applications", J. M. Harris, Ed., Plenum, 
NY, 1992 and "Polyethylene Glycol) Chem- 
istry and Biological Applications'", J. M. 
Harris and S. Zalipsky, Ed., ACS, Washington, 
1997. Note: these books are available from 
Amazon.com or Shearwater Corporation- 
please call our Sales team for pricing. 

A key property of PEG is that attachment 
to other molecules and surfaces provides a 
biocompatible, protective coating. This pro- 
tective coating slows rejection of materials in 
biological systems (such as the human body), 
greatly reduces protein, cell and bacterial 
adsorption, and reduces the rate of kidney 
clearance (because of larger size). PEG also is 
nontoxic and has been approved by the FDA 
for topical and internal use in humans. PEG 
is soluble in water and many organic solvents, 
and it forms aqueous two-phase systems when 
paired with certain other polymers (such as 
dextran). It is insoluble in ethyl ether and 
hydrocarbons such as hexane. The water sol- 
ubility, lack of toxicity, high flexibility and 
well-defined chemistry of bifunctional PEG 
makes it ideally suited for many crosslinking 
or tethering applications. 

Eight technologies that result from use of 
these properties are: PEG-proteins, peptides 
and small molecules for pharmaceutical 
use; PEG-surfaces for electrically-controlled, 
nonfouling materials; PEG-liposomes for 
drug delivery; molecule-molecule or mole- 
cule-surface coupling for drug and materials 
applications; PEG-molecules for biological 
purifications; biopolymcr synthesis on PEG 
supports; PEG attachment for control of 
solubility (e.g., enzymes into organic sol- 
vents or water solubilization of enzyme sub- 
strates, dyes, flavors and chemotherapeutic 
agents); and hydrogels for drug delivery 
and wound coverings. 



PEG-Proteins for Pharmaceutical Use 

It has been demonstrated that proteins with 
PEG attached (i.e., PEG-proteins, made by 
reaction of the protein with an active PEG) 
remain active and have a greatly diminished 
or negligible immune response. The result is 
that these PEG-proteins have greatly increased 
plasma lifetimes. Examples include mPEG- 
1FN-A, mPEG-IFN-B, mPEG-IL-2 and mPEG- 
GCSF. In addition, PEG attachment makes 
proteins much larger and thus reduces their 
rate of clearance through the kidney. PEG 
has also been attached to many small mole- 
cules (such as vitamin E, cholesterol, fluoro- 
uracil, etc.). The goal here is to reduce the 
rate of kidney clearance and impart water 
solubility. 
PEG-Surfaces 

In addition to the molecular modifications, 
PEG can also be attached to surfaces to form 
protective, biocompatible coatings. A variety 
of applications result, including PEG-coatmgs 
for arterial replacements, diagnostic apparatus 
and blood contacting devices. Similarly, capil- 
lary zone electrophoresis has emerged as an 
important new analytical technique in bio- 
chemistry, and PEG coatings on the capillar- 
ies prevent protein adsorption and provide 
critical control of ek 
PEG-Liposome: 
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tive-delivery of drugs. A problem with this 
application is that liposomes, especially larger 
ones, are quickly attacked and cleared from 
the body. Recent research has shown that 
incorporation of PRC into the outer coating 
of liposomes can greatly increase serum 
lifetime, thus solving a critical problem 
blocking application of this promising drug 
delivery technique. 

Molecule-Molecule and 
Molecule-Surface Coupling 

The hydrophilic, biocompatible nature of 
PEGs and their mild, well-defined chemistry 
makes them ideal for coupling or tethering 
molecules to molecules or molecules to 
surfaces. This technology is critical for the 
next generation of drugs and biomaterials. 
Research has shown dial use or PEG as a cou- 
pler to bind molecules to other molecules 
and surfaces provides highly active materials. 



Biological Purification 

The genetic engineering n ilution has led 
to methods for production of a variety of 
physiologically active proteins. There is, 
however, a critical need in this industry for 
improved methods for isolation of the pro- 
teins produced. An approach to this problem 
that has recently received much interest is 
purification by partitioning in aqueous two- 
phase systems uuuktgoi'.s to oil and water) 
made by solution of PEG, other polymers and 
salts in water. In this approach, a PEG-ligand 
is made (such as a PEG-antibody), which 
binds specifically with the desired protein and 
pulls the protein into the PEG-rich phase. 
Biopolymer Synthesis 
The three bio-oligomers (peptides, oligonu- 
cleotides, and oligosaccharides) can all be 
grown on PEG as a soluble carrier. The PEG- 
oligomer is precipitated after each step to 
isolate the product, which can then be 
cleaved or taken to the next addition step. 
Advantages of this method are that fewer 
errors result, chemistry is faster, and large 
quantities of materials can be handled. A 
variation on this theme is to build the bio- 
oligomer on a PEG chain that is bound to 
a solid polystyrene particle. This approach 
apparently provides advantages of both solid- 
phase and liquid-phase synthesis. 
Solubilization of Insoluble Molecules 
PEG is soluble both in water and in many 
organic solvents. This property has been 
utilized to solubilize other molecules by PEG 
attachment. An interesting biotechnical appli- 
cation is solubilization of enzymes in organic 
solvents such as chlorinated hydrocarbons. 
Additionally, water-insoluble materials may 
become water-soluble after PEG attachment. 
Examples here include dyes, flavors, sub- 
strates for enzymes, cofactors, pharmaceu- 
ticals, etc. Shearwater has developed propri- 
etary technology for controlled release of 
PEG-bound drugs. Please call to discuss 
this application. 
PEG-based Hydrogels 
Multifunctional PEGs can be cross-linked in 
a variety of ways to make hydrogels. These 
hydrogels have many uses and are especially 
of interest for controlled release of drugs and 
for wound coverings. Shearwater has propri- 
etary technology for] parati n of PEG hydro- 
gels. Please call to discuss this application. 



Table 1 



" '." "- -s r. r Protein PEGylation 
Reaction conditions for coupling PEG to a 
protein vary depending on the protein, the 
desired degree of PEGylation and the PEG 
derivative utilized. Factors involved in choice 
of derivative an-.: desired point of attachment 
(lysine vs. cysteine); hydrolytic stability and 
reactivity of the derivative; stability of the 
linkage; and suitability for analysis. Details 
on these points arc given in specific com- 
ments for each derivative. 

Lysine- Active PEGs 

The most frequently used derivatives for 
lysine attachment are the N-hydroxylsucchv 
iraide (NHS) active esters such as PEG succin- 
imidyl succinate (mPEG-SS) and succinimidyl 
propionate (mPEG-SPA). Typically several 
PEGs can be attached to a protein at pH 8-9.5, 
room temperature, within 30 minutes, if equal 
masses of PEG (MW 5,000) and protein are 
mixed, although for some proteins it is neces- 
sary to acid a 10-fold mass of PEG relative to 
the protein. Tf the protein amino acid compo- 
sition is known, a molar ratio of PEG (MW 
5,000) to protein amino groups of 1-5 to ]. 
will usually suffice. Increasing pH increases 
the rate of reaction and lowering pH reduces 
rate of reaction. These highly reactive "active 
esters" can couple at physiological pH, but 
the less reactive derivatives typically require 
high pH. Low temperatures may also be used 
if a labile protein is under study. In this case, 
a long reaction time may be useful. Analysis 
of several reactions with varying ratios of 
PEG/protein and with varying pH will quickly 
provide information sufficient to design con- 
ditions giving desired degrees of PEGylation. 

30 mm 

mPEG-0-CH 2 CH r CO,-NHS + Protein-NH, 
1-10 pans ml'liG-SPA 1 pan 
^ mPEG-O-CHjCHj-CONH-Proiein 

Using mPEG-SS and mPEG-SPA as a reacti- 
vity baseline, one can make educated guesses 
about reaction conditions for the other lysine- 
aciive derivatives. See the tables at the end 
of this section for relative reactivity of lysine- 
aciive derivatives. For general discussion ol 
this subject see S. Zalipsky and C Lee "' 1 . 

Another factor that musl be considered in 
choosing reaction conditions is rale ol hydrol- 
ysis relative to aminolysis. All of the lysine- 
active derivatives react with water, except 
for aldehyde; epoxide hydrolysis is relatively 
slow at pH 9, but does occur. Primary amine 

12 800457-1B06US 256 533-4201 T,t ; r ra .-o„ = .; Cmibs 33C I J 



Comparison of reactivity of various PEG derivatives toward protein lysine groups 



PEG Derivative 


Lysine Reactivity Relative to mPEG-SS or mPEG-SPA (pH 8-9) 


Similar 


Faster 


Slowed 


Much Slowed 


carhoxymelhyl-NHS 




X" 






norleucine-NHS 






























aldehyde 


















X 












PNP carbonate 






X 





°Reoclion over in 1-2 minutes b Try 1-2 hours 'Try 18-24 hours *Try 5- 10 minutes 



Table 2 



Hydrolysis half lives at pH 8, 25 'C, for PEG active esters measured by following 
UV absorbance of succinimidyl (NHS) group or beniotriazole (BTC) group. 



PEG-NHS Ester 


symbol 


half life Iminulesjb 


mPEGOCHaCHjCHj-COyNHS 


SEA 


23.3 


mPEGO-CO r NHS 


sc 


20,4 


mPEG0 2 C-CH 2 CH,CH 2 -C0 2 -NHS 


SG 


17.6 


mPEGO-CH 2 CH 2 .CO r NHS 


SPA 


16.5 


mPEGOC0 2 BTC 


BTC 


13.5 


raPE&SCH 2 CH 2 -C0 2 -NHS 


SSPA 


10.7 


mPEGOjC-CHjCHyCOj-NHS 


SS 


9.8 


mPEGO 2 CNH-CHpu)-C0 2 -NHS 


NOR 


5.4 


mPEG0 2 CNH-CH(R)-C0 2 -NHSa 


mPEG2 


4.9 


mPEG-NHCO-CH 2 CH 2 -C0 2 -NHS 


SSA 


3.2 


mPEG-0-CH 2 -C0 2 -NHS 


SCM 


0.75 


- fi» JCH&HiCHiCHzCOzNHCOzPEG b As a rough 
• Aminolysis rates parallel hydrolysis rales 


rule o! thumb the half life triples upon lowering pH one unit. 



is much more nucleophilic than water, so 
aminolysis is always faster than hydrolysis. 
From the limited studies that have been 
done, it appears that aminolysis selectivity 
increases with an increase in pi I. 

All of the lysine-active derivatives, except 
aldehyde, can possibly react with other amino 
acids, such as imidazole groups of histidine 
and hydroxyl groups of tyrosine, if the local 
environment enhances nucleophilicity of 
these groups. Aldehyde is selective for amines. 

Sulfhydryl-Selective PEGs 
Shearwater offers two sulfhydryl -selective 
PEGs: vinylsulfone and maleimide. Typical 
reaction conditions for these derivatives 
are pH 7-8, slight molar excess of PEG, and 
0.5-2 hour reaction at room temperature. For 
sterically hindered sulfhydryl groups, required 
reaction times may be significantly longer. 



There are at leas: three aspires to be consid- 
ered here: first, how many PEGs have been 
attached to a protein; second, which amino 
acids have been PEGylated and to what 
extent; and third, how many different PEG- 
protein forms, and how much of each, are 
present in a sample. The first question can 
be answered wiih some precision using 
readily available equipment, but the second 
and third questions remain very much a 
matter for research and require use of highly 
sophisticated equipment such as tandem 
mass spectrometers, 

It should be noted that a PEGylated protein 
is typically a mixture of varying numbers of 
PEGs of varying molecular weights attached 
to several amino acid sites. Each starting PEG 
sample used to prepare a particular reagent 
contains a range of PEGs of varying molecular 
weight (typical po.ydispersiiy. ViW/Tvhi. values 
are < 1.05), so proteins containing the same 
number of PEGs will have a range of mole- 
cular weights. And these PEGs will be distrib- 
uted on different amino acids. In addition, a 
statistical distribution of numbers of attached 
PEGs is obtained. 

For the usual situation in which the PEGy- 
lation takes place on lysine, a common analy- 
tical approach is to determine the number of 
lysine groups that have been modified. The 
usual method for performing this analysis is 
reaction of unmodified lysine amino groups 
with trinitrobenzenesulfonic acid followed by 
UV measurement (the"Habeeb method") 1 """ 1 . 
This method requires several milligrams of 
protein, and it is harmed by the presence 
of unattached PEG. Protein concentration 
must also be measured (Biuret works well). 
A superior approach is the fluorescamine 
method of Stocks 1 "' M . This method works by 
reaction of fluorescamine with unmodified 
lysine groups to give a fluorescent derivative. 
Advantages are that free PEG does not inter- 
fere, and only nanogram amounts of protein 
are required. A recent refinement of this 
method has been describee! The Habeeb 
and fluorescamine methods have proven to 
be very useful for monitoring PEGylation 
with lysine-active PEGs. 



A related spectrophotometric method for 
determining available cysteine sulfhydryl 
groups is based on reaction with 2,2'-dipyridyl 
disulfide to form 2-thiopyridone, which 
adsorbs at 343 nm with e = 7060 at pH 7.2 1 * 4 '. 
Another effective approach is reaction with 
Ellman's reagent |5,5'-dithiobis(2-nitroben- 
zoicadd)]* 71 . 



A more exact mediodfc 




reacted lysines is to couple 


mPEG fluorescein 


to the protein. Hydrolysis 


followed by amino 


acid analysis provides a di 


ect measure of the 


nuroescein content and ihi 


s a measure of the 


number of PEGs attached 14 


69 l Fluorescein can 


also be measured directly 


on the PEGylated 



protein. Amino acid analysis will also work 
for those PEG derivatives that modify amino 
acids through hydrolytically stable linkages, 
an example of which includes mPEG-ALD 
which couples to lysines through secondary 
amine linkages. In this case, the number of 
bound PEG chains is calculated on the basis 
of lysine decrease. 

Amino acid analysis can also be used for 
coupling of mPEG-VS to cysteine groups 
since a hydrolytically stable thioether link- 
age is formed. In this case, the degree of 
substitution can be calculated from reduction 
in cysteine groups as measured by amino 
acid analysis. 

The amount of PEG can also be determined 
by proton NMR- 1 and by use of H C labeled 
PEG' 711 . Measurement of PEG-protein mole- 
cular weight would also provide this same 
information, but unfortunately most of these 
methods (e.g., gel filtration chromatography 
anc gel electrophoresis) do not provide 
quantitative information because PEG "acts" 
much larger than the proteins used for calibra- 
tion !? - ' al . However, these sizing techniques 
are extremely useful for qualitative analysis 
of PEG proteins because they demonstrate 
the occurrence of PEGylation and they are 
very effective in monitoring reproducibility 
of preparations. Dollinger et al. have used 
HPLC with a fluorimeter detector perform- 
ing as a light scattering detector to provide 
on-line molecular weight determination of 
PEG -proteins 1741 . 

Determination of overall heterogeneity in 
a PEG-protein (i.e., number of PEG-protein 
forms present) remains difficult and is cer- 
tainly not a routine matter " '. A variety of 
chromatography and electrophoresis methods 
have been applied to this problem, and these 
papers provide an excellent review of this 
subject. The question of sites of PEG attach- 



ment and amount of PEGylation at each site 
has been addressed using mass spectrom- 
eteiy'' 5 " and NMR spectroscopy 1 ' ''. These 
studies show that certain lysines are more 
available for attack than others, and that his- 
lidines and tyrosines arc subioci to at lack by 
unselective reagents such as the dichlorotri- 
aiines. It is also clear that generalizations 
are risky and one should watch for protein- 
dependent exceptions. 

tl.n oi the most ign I an: recent advances 
in PEG and PEG-protein analysis has been 
die availability of matrix-assisted laser 
desorption-ionization mass spectrometry 
(MALDl-MS) :7B£! l MALDI provides the mass 
of the unfragmented, singly-charged mole- 
cular ion of macromolecules up to about 
100,000 Da, and thus greatly assists deter- 
mination of polydispersity and identity ol 
PEG derivatives. Similarly, the mass of the 
molecular ions of PEG conjugates, such as 
PEG-proteins, can also be determined, and 
the composition of PEGylation reaction pro- 
ducts containing different numbers of PEGs 
("one-mer", "two-mer", etc.) can be established. 

Capillary electrophoresis (CE) is another 
powerful analytical method that is increas- 
ingly being used for analysis of PEG-proteins. 
Recent work has shown that this method 
can be used to determine the amount of each 
PEG-mer in a PEG-protein 12 ". CE can also be 
used in analysis of fragmented PEG-proteins 
for determination of the site of PEGylation. 
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To place an order: 



In the Americas and Europe 
1-300-457-1806 iW 
1-256-533-4201. v2?j 
1-256-533-4805 f«.v 

Shearwater Corporation 
11 12 Church Street 
Huntsvilk, AL 35801 
e-nuitl sales@shearwatercorp.com 
h 1 1 p :// vv w w. shearwatercorp .com/ 



In Asia and Australia 
81-3-5424-6700 Plume 
81-3-5424-6810 re- 
sales 
NOF Corporation 
4-20-3, Ebisu 
Shibuya-ku 
Tokyo, 150-6019 JAPAN 
-mnil.gjionkjyaku@nof.co.jp 



A faxed or emailed confirmation is required for every order 



Terms 

Net 30 days with purchase order, F.O.B. 
shipping Point. Prices are subject to change 
without notice. Shipping charges are prepaid 
and added. All complaints must be filed 
within 30 days of invoice date. A return 
authorization number must be obtained prior 
to return of goods. Returns are subject to a 
25% re-stocking fee. 

Shearwater accepts MasterCard and Visa for 
orders over $100.00. 

Pa) ;ner 

Payments via postal service please remit to: 

Shearwater Corporation 

P.O. Box 2324 • Birmingham, AL 35201 
Payments via courier service pka.se remit to; 

Shearwater Corporation 

1112 Church Street ■ Huntsvilk, AL 35801 

All payments by bank draft or check must 
he made in US funds and have, your hank 
routing number and account number listed. 

To make payments by wire transfer, add 
$35 USD to the invoice amount, Our bank 
account information is as follows: 

Compass Bank 
114 Governors Drive 
Huntsville, AL 35801 
Phone: 1 -(256) 532-6269 
Account Number: 72096673 
Routing Number: 062001186 



L-cuve: / 

Standard deliveries for domestic in-stock 
products are by next-day air. International 
orders are delivered via air transport. The 
buyer is responsible for all international 
duties, tariffs and taxes. 

t. 7 

All the reagents in this catalog are offered 
for research and investigational purposes 
only. They are not intended for human use. 
The buyer assumes all risk and liability for 
the use and/or results obtained by the use 
of reagents described in this catalog. 

C-jc:: .'.I Orders 

Except in a few cases, we do not stock reagents 
other than those prepared from PEG 3,400 
or mPEG 5,000. Orders of reagents of other 
molecular weights require custom synthesis. 
Custom orders are not returnable or refund- 
able. Please call our Sales team for a quote 
on custom items. 
8ji; Prizing 

Bulk pricing is available for orders oT 50 grams 
or more. Please call our Sales team for quotes. 

GMP Manufacturing 
Many of the reagents listed in this catalog 
are currently available as cGMP materials 
and are indicated with a blue asterisk. How- 
ever, all of the reagents can be manufactured 
to cGMP. Please call our Sales team for infor- 
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TERMS AND CONDITIONS OF SALE 

Definitions 

"Seller" means Shearwater Corporation; "Buyer" 
means ihc purchaser of products or goods hereunder, 
.1111! jmniUh it "roods' 1 im. ti-. the items i yd 
sold by Seller to Buyer hereunder. 

Acceptance 

All sales arc subject and Urnilcd 10. and conditioned 
upon, these Terms and Gondii ions, and upon Buyer's 
assent thereto. No variations lend Seilei urJcw con- 
tained in a writing signet! by an officer of Seller. 

Changes 

Orders may be changed or amended only oursua.nl 
to a writing signeti by hoi 1": Buyer and Seller setting 
forth the changes to be made. Buyer may not cancel 
an order unless Seller agrees to such cancellation in 
writing. In such event, Buyer shall pay all storage 
and shipment costs, costs of producing non-standard 
materials, costs of purchasing non-returnable mate- 
rials, cancellation costs imposed on Seller by its sup- 
pliers, and any other costs resulting from such cancel- 
lation, all as specified to Buyer by Seller. 

Delivery 

All sales are F.O.B. Seller's shipping point. Delivery 
of goods to the carrier at Sellers shipping point con- 
stitutes delivery to Buyer and Buyer bears all risk of 
loss or damage in transit. The general method of ship- 
ment for each item is listed in Seller's catalog, subject 
to Seller's right to determine the exact method of 
shipment. Seller reserves the right to make delivery 
in installments, all such installments to be separately 
invoiced and paid for when doc per invoice without 
regard to subsequent deliveries. Delay in delivery of 
any installment shall not relieve Buyer of its obliga- 
tion to accept remaining deliveries. 

Inspection 

Within five (5) days after receipt, (a) Buyer shall 
inspect the product containers for chipped glass, 
broken seals and other patent defects, and (b) shall 
notify Seller in writing of am claim-- tor shot rages, 
defects or damage identified in such inspection. 
Thereafter, Buyer shall hold the goods for Seller's 
written instructions concerning d : ■.■position. If Buyer 
fails to notily Seller within such five t.lV) day potiorl, 
the goods shall conclusively be deemed ;-o conform 
to the terms : 1 1 i Lin n i h n f with respect to 
any such shortages, defects or damage and to have 
been irrevocably accepted by the Buyer in their 
short, defective or damaged condition. 

Force Majeure 

Seller shall not be liable for any delays or other failure 
to perform hereunder due to any cause beyond Seller's 
reasonable control, including, without limitation, acts 
of Buyer, governmental actions or regulation, fire, 
explosion, accident, theft, vandalism, riot, acts of war, 
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tornado, windstorm or other acts of God, transporta- 
tion delays, or inability to obtain necessary labor, 
fuel, materials, supplies or power at current prices. 

Allocation of Goods 

tf Seller is unable for any reason to supply the total 
demands lor goods specified in Buyer's order, Seller- 
may allocate its available supply among any or all 
buyers on such basis as Seller may deem fair antl prac- 
tical, without liability for arry failure of performance 
which may result therefrom. 

Payment 

Terms of sale are net 30 days of dale ml invoice. If inse- 
cure as to the collection of amounts due, Seller may 
delay or postpone delivery of products and change the 




delivery, cancel this order, or sell products on baud 
for the Buyer'-, account and apply the proceeds against 
the connect price. Buyer shall pa;' any balance to Seller 

fees and other expenses of collection resulting from 
any default by Buyer in any of the terms hereof. A 
late payment penalty of 1.5% per month shall accrue 
on delinquent amounts until paid . 

Taxes 

Buyer shall pay any lax, duly, custom, fee, or charge 
imposed by any governmental authority on or meas- 
ured by the sales or other transactions covered herein, 
and Buyer shall reimburse Seller for any payment by 
Seller thereof. 

P l i li II t l ill 

payment in United Stales currency. Please call Seller 
for curr nt prices if this inlo mation 

prior lo placing an coder. Seller goarrinites pre ing 
contained in its written quotations for 30 days. When 
placing an order, Buyer should reference Seller's 
quoted prices or the quote number. Seller will con- 
tact Buyer by phone, fax or e-mail in the event of any 
discrepancy between Buyer's order and Seller's pric- 
ing or other terms. 

Warranties 

Seller will make available to Buyer a Certificate of 
Analysis for products purchased. Provided Buyer 
notifies Seller in writing of any shortages or patent 
defects or damage within the five (5) day period 
described :t: the "Inspection" section above, or, for 
ar-.v other product defect , wri Inn thirty (30) days 
after the date of the invoice for such product, Seller 
will reprocess or replace, at Seller's sole option, any 
product which is defective in material or workman- 



ship. THE FOREGOING CONS lilt LPs M.'Yfr. s SOI 1 
RECOURSE- SELLER EXPRESSLY DISCLAIMS ALL OTHER 
WARRANTIES AND LIABILITY WHATSOEVER, WHETHER 



EXPRESS ORlMPUSrj. INCLUDING. WITHOUT LIMITATION, 




THE PRODUCT. No employee, agent or representative 
of Seller has the authority to bind Seller to any oral 

<■ lfoi an tie 1 t L I tt ilSilkrdtiet 
ii I ni us 1 ih 1 roducls in any 

manner, failed to use the products in accordance with 
uulii n standard and j i r failed i use the 
products in accordance with instructions, if any. 
furnished by Seller. 

seller's sole and exclusive habdity and Buyers 
exclusive remedy with respect to products proved to 
- et tisf: tie it b del 'toe n nonconforming 
shall be the replacement or reprocessing of such 
products without charge or refund of the purchase 
price, in Seller's sole discretion, upon the return of 
such products in accordance with Seller's instructions. 

SELLER SHALL NOT IN ANY EVENT BE LIABLE FOR 
INDIRECT, INCIDENTAL, CONSEQUENTIAL, PUNITIVE OR 
SPECIAL DAMAGES OP ANY KIND RESULTING PROM THE 
SALE, DELIVERY, USE OR FAILURE OF THE PRODUCTS, 
EVEN IF SELLER HAS BEEN ADVISED OF THE POSSIBILITY 
OF SUCH DAMAGE INCLUDING, WITHOUT LIMITATION, 
LIABILITY FOR LOSS OF USE, LOSS OF WORK IN PROGRESS, 
DOWN TIME, LOSS OF REVENUE OR PROFITS, FAILURE TO 
REALIZE SAVINGS, LOSS OF PRODUCT'S OF BUYER OR 
OTHER USE OR ANY LIABILITY OF BUYER TO A THIRD PARTY 
ON ACCOUNT OF SUCH LOSS, OR FOR ANY LABOR OR ANY 
OTHER EXPENSE, DAMAGE OR LOSS OCCASIONED BY SUCH 
PRODUCT INCLUDING PERSONAL INJURY OR PROPERTY 
DAMAGE UNLESS SUCH PERSONAL INJURY OR PROPERTY 
DAMAGE IS CAUSED BY SELLER S GROSS NEGLIGENCE. 
SELLER'S AGGREGATE LIABILITY FOR DAMAGES HERE- 
UNDER, WHETHER IN CONTRACT, TORT, OR OTHERWISE. 
SHALL NOT EXCEED THE PURCHASE PRICE PAID BY BUYER 
FOR THE PARTICULAR GOODS INVOLVED. All claims 

must be brought wrthin one < 1 ) year of shipment, 
regardless of their nature. 

Compliance with Laws 

Seller certifies that to the best of its knowledge its 
products are produced in compliance with applicable 
requirements of the fair I aboi Standards Act, as 
amended, and the Occupation;;" Sat'etv and Health 
Standards Act of 1970 and regulations, rules and 
orders issued pursuant thereto. 

Buyer's Use of Products 

II prod tt ii i t i larily for laboratory 
research pur poses aoo. unless otherwise stated on 
product labels, in Seller's catalog or in other literature 
famished to Buyt r. are not to be used for any other 
purposes, including without hmitaiicn, in vitro 
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diagnostic purposes. In foods, drugs, medical devices 
or cosmetics for humans or animals or for commercial 
purposes. Seller has not tested the products for safety 
and efficacy in food. d: tig, medical device, cosmetic, 
corrmierciii! or any ot'ui r use. unless otherw ise stared 
in Seller's literature fui i:i-.hed to buyer. Buyer 
expressly represents and vwiruuu-: to .viler that Buver 
will properly test, use, manufacture and market any 
products purchased from vllt i .ind/o: mate] tals pro- 
duced with products purchased from Seller in accor- 
dance with the practices of a reasonable ;.n I'sm who 
is an expert in the field and in strict compliance with 
all applicable laws and regulations, now and here- 
inafter enacted. Buyer further warrants to Seller that 
any material produced with products from Seller 
shall not be adulterated or misbranded within the 
meaning of the Federal Food, Drue; and Cosmetic 
Act and shall rrot be materials which may not, under 
Sections 404, 505, or 512 of the Act, be introduced 



Buyer acknowledges that, since Seller's products 
are, unless otherwise stated, intended primarily for 
research purposes, they may not be on the Toxic 
Substances Control Act (TSCA) inventory. Buyer 
assumes responsibility to assure that the products 
purchased from Seller are approved for use under 
TSCA, if applicable. 

Buyer, and not Seller, has the responsibility to 
verify the hazards and to conduct any further research 



tt the h 



:, involve 



ducts purchased from Seller. Buyer, and not Seller, 
also has the duty to warn Buyer's customers and any 
auxiliary personnel (such as freight handlers, etc.) of 
any risks involved in using or barrelling the products. 
Buyer agrees to comply with instructions, if any, 
furnished by Seller relating to the use of the products 
and not misuse the produces in any manner, If the 
products purchased from Seller are to be repackaged, 
relabeled or used as starting material or components 
of other products, Buyer will verify Seller's assay of 
the products. No pioducis purchased from Seller 
shall, unless otherwise stan d, he considered to be 
Ion Ini i lii.il (Itvii f i .si: tics 

Buyer's Representations and Indemnity 

Buyer i. pie-, n - I ts that H shall u-.i ai 

products ordered herein m accordance with "Buyer's 
Use of Products" as described above, and thai any 
such use of products will no: violate any law or regula- 
tion. Buyer shall indemnify and hold harmless Seller, 
its employees, agents, successors, officers, and assigns, 
from and against »tsy stnis, losses, claims, demands, 
liabilities, costs and e--.pen-.es ; including attorney and 
accounting ices; thai Seller max- .Misiain or incur as 
a result of anv claim against Seller based upon negli- 
gence, breach of warranty, strict liability in tort, con- 
tract, or any other theory of lai brought I 

1 gen ] uccessors or issigns 



by Buyer's customers, by end users, by auxiliary 
personnel (such as freight handlers, etc.) or by other 
third parties, arising out of, directly or indirectly, the 
use of Seller's products, or by reason of Buyer's failure 

shall notify Seller in writing within fifteen (15) days 
of Buyer's receipt of knowledge or any accident, or 
incident Involving Seller':, products which results m 
claimed personal injury or damage to property, and 
Buyer shall fully cooperate with Seller in the investiga- 
tion and determination of the cause of such accident 
and shall make available to Seller all statements, 
reports and tests made by Buyer or made available to 
Buyer by others. The furnishing of sue:: information 

I I i rati 1 h 

information or incident report shall not in anyway 
eor.stitun an\ assumption of any liability for such 
accident or incident by Seller. 

Patent Disclaimer 

Seller does not warrant that the use or sale of the pro- 
ducts delivered hereunder will no; infr inge the claims 
of any United Stares or other patent:- covciing the prr> 
hie.t itself or the u ereof in tot lion w i 
other products or in the operation of any process. 

Returns 

Goods may not be returned for credit except with 
Seller's permission, and then only in strict compliance 
with Seller's return shipment 

Technical Assistance 



■TV OS FITNESS FOR ANV PAR : ti l CAP. PURPOSE. WITH 
RESPECT TO TECHNICAL ASSISTANCE OR INFORMATION 
PROVIDED BY SELLER OR SELLER'S PERSONNEL. ANY 
SUGGESTIONS BY SELLER REGARDING USE, SELECTION, 
APPLICATION OR SUITABILITY OF THE PRODUCTS SHALL 
NOT BE CONSTRUED AS AN EXPRESS OR IMPLIED WAR- 
RANTY UNLESS SPECIFICALLY DESIGNATED AS SUCH IN A 
WRITING SIGNED BY AN OFFICER OR OTHER AUTHORIZED 



terms or conditions or exercise such right thereafter, 
All rights and remedies under this order are cumula- 
tive and are in addition to any other rights and reme- 
dies Seller may have at law or in equity. If any provi- 
sion of this Agreement shall be held to be invalid, 
i ! Icga I or unenforceable, the validity, legality and 



enforceability of the remaining provisions shall not 
be affected or impaired thereby. The paragraph head- 
part oi the tennis and conditions and shall not nil- . i 
their interpretation. This Agreement shall be binding 
upon, iiiuie to ihe hcnelu oh and he enforceable by, 
the parlies hereto, and their respective heirs, personal 
representatives, suoce-.scis and assigns. 

Governing Law 

All disputes a to 1 d tr union applica 

lion, or performance of this order -or any of its terms 
and conditions shall he governed by the laws of the 
Stale ol Alabama. 
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